Major causes of surface water flooding include increased surface water created by the expansion of impervious areas and increased localised heavy rains due to climate change. Older cities are vulnerable to surface water flooding because of their prior drainage systems. To identify vulnerable areas, this study applied an 'overlay method' using a geographic information system (GIS), which involved overlapping several spatial factors. The research area was the Gwanghwamunhyoja region -an old area of Korea that had surface flooding events in 2010 and 2011. Using a combination of Korean and Western flood-management methods, this preliminary research suggests a design strategy for reducing surface water flooding and evaluates its efficacy. Five types of vulnerable areas are identified, and three types of design strategies are suggested. Using data from previous studies to simulate its effectiveness, the design strategy was found to reduce surface water by 33% after identifying the target area.
Introduction
The phenomenon of climate change has exceeded the predicted range. In particular, localised heavy rain is hard to predict and can accumulate a great deal of surface water in a short time (Falconer et al., 2009; Siddiqui et al., 2011; Van Dijk et al., 2014) . As such, several flooding events have occurred as a result of exceeded drainage capacity. Examples include East Belfast, Northern Ireland, in June 2012 (Falconer et al., 2009; Golding, 2009) and Seoul, Korea, in September 2010 and July 2011 (Park et al., 2013) . There are two environmental reasons for increases in surface water flooding (SWF). The first pertains to increased surface water produced by the expansion of impervious areas (Brattebo and Booth, 2003; Tague and Pohl-Costello, 2008; Jacobson, 2011; Ogden et al., 2011; Amaguchi et al., 2012; Du et al., 2012; Fletcher et al., 2014) ; the second involves the rise in localised heavy rains due to climate change (Gómez et al., 2010; Niemela et al., 2010) .
Watersheds in undeveloped regions are formed by differences in topographic height and flow direction. The watersheds can consist of upstream or downstream areas, depending on topological characteristics. The upstream area is a start point of surface water and the downstream area is a meeting point of surface water and a larger waterway. Generally, the downstream area is flat. Therefore, urbanisation expands outwards from downstream areas (Gómez et al., 2010; Niemela et al., 2010) . Historically, this trend is clearly observed in older cities. Several cities with long histories, including Seoul, show downstream area to upstream area expansion (Jim and Chen, 2003; Herlin, 2004) . Surface water that accumulates in new upstream urban areas is delivered to established downstream urban areas (Tague and Pohl-Costello, 2008) . In the delivery process, surface water that accumulates mid-and down-stream is combined and delivered to a drainage system (Shuster et al., 2005; Jacobson, 2011) . This phenomenon is a risk factor for the drainage capacity of downtown areas, which were established before uptown areas were developed. This phenomenon is also a direct cause of SWF (Jacobson, 2011) . The traditional solution to downtown vulnerability is to improve downtown drainage systems. In older cities, however, implementing such plans requires a great deal of time and money (Wiechmann, 2008; Everard and Moggridge, 2012) .
Many previous studies have looked for ways to reduce the damage caused by urban flooding. Such studies have focused on the infiltration, reuse, and detention of stormwater in urban areas (Montalto et al., 2012; Fletcher et al., 2014) . The common factor here is the early control of surface water before it flows into a drainage system -that is, delaying the time to peak unit discharge through the maximum use of space. Ultimately, suitable places should be identified for disaster-prevention functioning during periods of flooding. However, a precise methodology for identifying suitable areas has not been established.
It is difficult to verify the actual effects using this kind of research. Verification is limited because the research area is broad, and it is difficult to study localised torrential rain caused by climate change. Therefore, this study was forced to rely on data from previous studies to simulate the effectiveness of the design strategy. However, it is still possible to verify the efficiency of the design strategy. This is because there are cases, such as in Ohio in the United States, where the setup, management, and effects of storm-water properties have been empirically studied through the long-term monitoring of an entire town (Mayer et al., 2012) .
The present study conducted a literature review to examine approaches to identifying suitable areas for reducing vulnerability to SWF. The main subject of this research is flood risk mitigation strategy. To achieve this subject, the research attempts to suggest a method that features aspects of Korean traditional disaster prevention plans and Western concepts. The study area, the Gwanghwamun-hyoja watershed, is an old area in Seoul, Korea, where SWF events occurred twice in 2010 and 2011.
Literature review
Urban areas where the water cycle is interrupted experience SWF. SWF is a type of flood caused by intensive rainfall, often coupled with the presence of impervious land-cover conditions and a shortage of drainage capacity in watersheds (Falconer et al., 2009; Kaźmierczak and Cavan, 2011) . It begins with heavy rainfall, and rainwater quickly accumulates on impervious land surfaces. Although rainfall runoff flows into drainage pipes, if the amount of stormwater exceeds the drainage capacity of the area, the water flow reverses and causes a flood (Falconer et al., 2009; Hurford et al., 2012) . As SWF mostly occurs in urban areas, it damages property more than it causes casualties.
Water issues are directly related to each other from the upper to the lower parts of rivers (Jacobson, 2011) . Therefore, the watershed should be defined as the spatial scope unit. If a water-related issue arises in the upper part and damages only the lower part, the community in the upper area will not likely give serious consideration to the issue. In general, 'on-site' refers to a location where some events occur in the lower part of a watershed. 'Off-site' refers to other places that include the upper part of a watershed and are related to on-site locations (Gregersen et al., 2007) . It is also likely, therefore, that conflicts will arise between the upper and lower communities. As such, there is a need for integrated public management measures that encompass both parts (Hooper, 2011) .
Integrated watershed management (IWM), which is a kind of integrated public management measure, involves the concept of on-site and off-site relations in a watershed. An understanding of IWM is needed to improve water circulation in urban watersheds. IWM holistically considers the linkages among all activities through the local relationship between the areas that cause and are affected by specific disasters, such as SWF (Gregersen et al., 2007) . In other words, off-site activity influences the conditions for on-site safety. This is the main reason why off-site management is needed to resolve on-site problems.
If the off-site in an upper part of a watershed could store rainwater temporarily during the early period of intensive rainfall, the outlet volume of runoff water during the early time would be reduced, and the time to reach peak flow would also be delayed with the steady distribution of runoff water. Moreover, the capacity of the sewer system in the lower part could handle the inflow runoff water. Thus, the possibility of the lower part of the watershed becoming the on-site will be reduced.
As natural hydrologic connectivity is altered in urban areas, cities need integrated management that examines the impacts on both the upper and lower regions in terms of cost, sustainability, and opportunity (Mitchell, 2006) .
Methods for surface water management: green infrastructure and water-sensitive urban design
Reviewing the technical terms used in previous studies helps us understand the trends in recent research (Fletcher et al., 2014) . Such terms include the following: green infrastructure (GI), integrated urban water management (IUWM), water-sensitive cities (WSC), water-sensitive urban design (WSUD), low-impact development (LID), alternative techniques (AT), sustainable urban drainage systems (SUDS), storm-water quality improvement devices (SQIDs), storm-water control measures (SCMs), source control (SC), and best management practices (BMPs) (Fletcher et al., 2014;  Figure 1 ).
Among these concepts, the Western GI approach is the only one that encompasses the entire urban water cycle and aligns with the principles of urban rainfall runoff management, which uses specific technologies (Montalto et al., 2012; Fletcher et al., 2014) . To realise this concept, GI functions as a network that connects natural green areas andareas (Konijnendijk et al., 2006; Sandström et al., 2006; Lafortezza et al., 2013) . The sustainability of GI is realised when rainfall runoff water infiltrates the ground and evaporates through plants organically (Coutts et al., 2013; Shuster and Rhea, 2013) . The ecological functions of GI include the following: climate change adaptation capability, ecological health improvement, flood management and control, idle land use in urban areas, and the economic effects of expanding green areas in cities.
Water-sensitive urban design (WSUD) is a practical approach that can be used for urban planning and designing. It focuses on minimising the hydrologic impact of urban development. WSUD aims at the following: reducing initial rainwater pollutants; maintaining the predevelopment hydrological environment at current levels; supplying water during dry seasons and providing irrigation water; reducing the risk of flooding in the lower parts of rivers; and decreasing the burden of building water supply facilities (Hatt et al., 2006) .
By implementing WSUD through the following steps, cities can be converted into water-sensitive areas that are sensitive to natural hydrology and ecosystem services (National Water Commission, 2004; Coutts et al., 2013) : First, protect and improve the natural water-cycle system in areas of urban development. Second, build linear green areas with beautiful scenery; a linear green area is an area that is typically used for recreation because of its superb scenery but also has a rainwater treatment function. Third, maintain water quality in drainage pipes. Fourth, minimise impervious areas in order to improve the detention ability of rainwater, reduce the peak point of flows, and reduce the volume of runoff in urban areas. Lastly, minimise maintenance expenses for a rainwater drainage infrastructure by reusing water or absorbing water into the ground (Fletcher et al., 2014) .
Historical flood-management methods in Korea
Keumsan and Keumpyo: surface water management During the 15th century, in an uptown mountain area in the mid-and up-stream areas of Cheonggyecheon, a heavily populated district managed to reduce damage caused by flooding (The Annals of the Joseon Dynasty, 1439). They implemented the Keumsan institution, which prohibited actions such as cultivation, architecture, logging, and quarrying. Sales of lumber and stone from the mountain were prohibited as well (The Annals of the Joseon Dynasty, 1448). This institution was based on the ecological principle that a high amount of forest vegetation reduces water loss. Moreover, an administrative crackdown on sales of lumber and stone helped prevent soil loss.
In 1795, severe soil loss and reduced depth in small streams were associated with development on the hillside. Therefore, Keumpyo prohibited building fires and private houses (The Annals of the Joseon Dynasty, 1795). The purpose of this measure was to prevent disorderly development and maintain smooth rainwater drainage by reducing soil loss.
Cheonggyecheon flood management: drainage system management during the Joseon dynasty Before 1924, there was no modernised sewage system in Korea. At that time, rainwater generally flowed into nearby streams. Cheonggyecheon was the biggest stream in Seoul during the Joseon dynasty (Shin and Lee, 2004) . Based on political discussions, Cheonggyecheon was defined as a sewerage system, and sewage and soil accumulated in Cheonggyecheon (The Annals of the Joseon Dynasty, 1444).
The first flood-management record is from 1421 (The Annals of the Joseon Dynasty, 1421). The management process involved dredging work and creating artificial waterways to disperse the drainage burden. However, such management was not maintained. In the 16th century, banks and streams were at similar heights, and rain would cause flooding (The Annals of the Joseon Dynasty, 1535, 1580). Large-scale flooding events around Cheonggyecheon were recorded in 1479, 1535, and 1580. These floods caused damage to human life, houses, and bridges (The Annals of the Joseon Dynasty, 1479, 1535, 1580).
Full-scale dredging work proceeded by royal command in 1773 (The Annals of the Joseon Dynasty, 1773). The purpose of such work was to improve the sewage drainage function of Cheonggyecheon, the upper stream, branches, and small streams. Moreover, in 1774 (The Annals of the Joseon Dynasty, 1774), trees such as willows were planted to improve the safety of the riverbank between Cheonggyecheon and the border of the riverbank (The Annals of the Joseon Dynasty, 1773). These trees enhanced the natural beauty of the area, and their roots served to fixate the stonework and soil of the riverbank. During the rainy season, these trees also filtered trash from the surface water (Figure 2 ).
Methods Spatial object of the research
The spatial object of this research was the Gwanghwamunhyoja region, which is one of Seoul's oldest central business districts. Historically, flood-risk management has been applied in this region. The Gwanghwamun-hyoja area is a natural village formed 650 years ago in the western part of the main palace of the Kingdom of Joseon. Until now, the region has developed consistently as part of a residential area in the Seoul central business district. This region has a water environment system in one watershed as an upstream area of Cheonggyecheon. Moreover, SWF has recently occurred twice in the region (September 2010 and July 2011) (Figure 3 ).
Base methodology: using GIS with the overlay method
The overlay method (OM) is a design method developed by Ian McHarg (Herrington, 2010) . This method was developed to select important ecological areas when creating a development plan. This method overlays maps of environmental conditions to find suitable areas for development (Collins et al., 2001; Herrington, 2010) . A broad site survey in needed to extract the conservation status and create standards for the development plan through the overlaid maps.
The present study applied OM to geographic information system (GIS) analysis. Maps were created showing the spatial elements that cause SWF vulnerability. Each map was converted to quantitative data using specific codes that Figure 2 The waterways have located in the research area: Gwanghwamun-hyoja region that have disappeared and changed into roads during the first half of the 20th century.
indicate whether there is vulnerability. The coded maps were overlapped using a GIS calculation process. The process resulted in a vulnerability map for of the research area.
Selecting spatial elements to distinguish vulnerability
The spatial elements that create SWF vulnerability were identified through the literature review. The areas with high probability for causing surface runoff matched up with all the vulnerable elements. For example, the element could be a high accumulation of runoff water in the space around a field, poorly drained soils, or a high ratio of impervious space. Thus, this research used the following spatial elements: distribution maps of impervious areas, runoff water accumulation areas, hydrological soil character, and the drainage points of watersheds. There are logical steps in the OM process (Figure 4) . The watershed is the basis of the spatial unit for the OM process. For this research, the watershed scale is approximately 5 km 2 . The main object is surface water flow on the ground.
The spatial element sources were obtained as follows. The distribution maps of impervious areas were extracted from satellite photos and digital maps produced by the Korean government. Maps with the hydrological soil character in terms of the standards of the United States of Soil Conservation Service [USSCS, it has changed to the United States Department of Agriculture, Natural Resources Conservation services (USDA NRCS)] also have the same categories as those registered in the Korean Ministry of Agriculture, Food, and Rural Affairs' (KMAFR) database (Kang-Ho Jung et al., 2006) . The runoff water accumulation map was created through GIS hydrological analysis using geographical information from the digital map. Geographical information that includes vertical information for urban structures can yield highly accurate results. The information was added vertical information of buildings and roads to the general DEM data using GIS calculation. This particular information can be used for more accurate analysis of surface water flow (Table 1) .
GIS coding for vulnerability classification
The four elements that cause vulnerability were converted to quantitative data to apply GIS calculations to the OM process. A code was created indicating whether there was vulnerability to surface runoff. Vulnerable elements took code '1', and nonvulnerable elements took code '0' (Table 2) .
This method was designed to identify vulnerable types through the number of overlaps, and it added spatial conditions with codes in the same space. The basic unit of space was 5 m × 5 m = 1 pixel. The number of overlaps was added to indicate the level of vulnerability to surface runoff. Specifically, a larger number indicated a higher probability of surface runoff. If the number was '0', there were no vulnerable elements.
Design strategies using the vulnerability classification results
The vulnerability classification results were organised into five types in the OM process. Moreover, the design strategies behind GI, WSUD, and historical Korean floodrisk management were applied to customise each type of research space. In addition, the reduction in runoff water produced by these design strategies was diagnosed using relative research results ( Figure 5 ).
Results

Characteristics of the research area
Records of flooding in the Gwanghwamun-hyoja region
The historical records of flooding in the Gwanghwamunhyoja region exist only in textual form. Therefore, one had to imagine the scale of flooding based on the text. Recently, Figure 4 The process to identify of vulnerability classification for using GIS. 
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Design strategies to reduce surface water flooding (0) Accumulation ( The region flooded on 21 September 2010 with heavy rains that started at 05:00 h. The precipitation concentrated in just 3 h: 14:00 h (67 mm/h), 15:00 h (71 mm/h), and 16:00 h (60.5 mm/h). It was 76.5% of 259.5 mm for the day. According to the Seoul government, SWF started at 15:00 h, and every manhole spilled over with runoff water during a period of 2-3 h.
The second flooding occurred during a three-day period of rainfall, from 16:00 h on 26 July 2011 to 10:00 h on 28 July 2011. The cumulative precipitation for the period was 530 mm. The peak precipitation was 57.5 mm/h at 10:00 h on 27 July. Flooding of the region started at 10:30 h (Figures 6 and 7) .
Analysis of the elements causing runoff
Watershed and drainage points
The distribution patterns of watersheds and drainage points generated using a specific urban digital elevation model (DEM) showed that the urban area had a dense distribution. On the other hand, the results for the general DEM barely showed a difference. Consequently, using a specific urban DEM provides spatial information on the characteristics of watersheds and the distribution of drainage points that is close to the real conditions of urban areas.
Accumulation of surface runoff
The locations of accumulated surface runoff were expressed as concentrated spots of runoff using surface morphology (Boonya-Aroonnet et al., 2007) . The result was calculated through the hydrological mechanism of water fluid. At the beginning of a rainfall, surface water in the upper watershed shows a wide distribution scope. The water flows deep but for a short period. When surface water flows downstream and accumulates, the longest flow must exist in each watershed. This flow is very likely to collect the largest volume of surface water for the longest period in the watershed (Figure 8 ).
Hydrological soil condition
A publicly available detailed soil map was used. The spatial conditions were determined based on the soil type distribution of the subject areas. The drainage and infiltration of each soil type were also verified. Only the data for group A (good drainage and infiltration) and group D (poor drainage and infiltration) were extracted to be used as variables. This category of hydrologic soil groups is identical to the USDA NRCS`s standards. The results showed that 30.15% and 63.69% of the Gwanghwamun-hyoja watershed fell into group A and group D, respectively (Table 3) .
Impervious areas
The sizes of impervious areas were calculated by adding all fields for structures and facilities covered by impervious materials, such as buildings, roads, and parking lots (Brattebo and Booth, 2003) . Impervious areas cause stormwater runoff during rainfall and keep surface water from infiltrating the soil. The spatial data for impervious areas were converted into variables and used to view the distribution of areas where water sensitivity needed to be enhanced. The ratio of impervious areas for the Gwanghwamun-hyoja watershed was 30.25% (Figure 9 ).
Implementing the method: classifying vulnerable areas
Analysis of the elements causing surface runoff
The vulnerable area identification process using OM classified the subject areas into five types according to the results of overlapped variables, including urban-specific hydrologic data, soil hydrologic properties, and land-cover conditions. The areas were classified into five types -Type 0 to Type 4 -according to the sum of codes obtained by overlapping variables. An area with a high number was a place with low water sensitivity.
A Type 0 area has very high water sensitivity. This area has a high possibility for natural infiltration and evapotranspiration during usual rainfall. As this area already meets the goal of water sensitivity, no additional GI needs to be applied to the area.
A Type 1 area has high water sensitivity that can be preserved through infiltration. A Type 2 area has typical water sensitivity, and GI specialised for both infiltration and retention could be applied to this area. A Type 3 area has low water sensitivity. A flood-control type of GI that works for infiltration, detention, and drainage could be applied to this type.
A Type 4 area is one in which storm-water runoff flows along the terrain surface and accumulates. The area has an impervious land cover condition and falls into Group D regarding hydrologic soil condition, which means the soil has poor infiltration and drainage. In other words, the area has very low water sensitivity. In this area, even a place where water intensively gathers needs facilities specialised for drainage. In summary, GI application is not necessary in Type 4 and Type 0 areas. In Type 1 and Type 3 areas, GI can be applied discriminately according to their spatial features. In the Gwanghwamun-hyoja watershed, about 25.3% of the area fell under Type 4 or Type 0. The proportion of the area that fell into Type 1 was 39.9%, which was the highest figure. Type 2 took up 29.1%, and Type 3 accounted for 5.7%.
Effectiveness in reducing surface runoff
The storm-water runoff control effect was estimated assuming that GI for enhanced water sensitivity was applied to all subject watersheds. The standard for estimating the effectiveness was based on the results of previous research that studied the overflow occurrence ratio for GI categories by GI function. Previous research studied intensive rain for one day during a period of rainfall. To ensure objectivity, the minimum value of the overflow occurrence ratio from similar studies was selected as an index and used in this research.
Previous research studied impervious cover and coversurface greening for infiltration function; roof greening for infiltration and detention functions; and rain gardens and bioswales for infiltration, detention, and drainage functions. These studies conducted experiments and used measured data (Pauleit and Duhme, 2000; Ghisi et al., 2006 Ghisi et al., , 2007 Lee et al., 2006; Hwang et al., 2007; Lee et al., 2011; Choi et al., 2012; Mayer et al., 2012) .
Each mitigation effect represents the reduced percentage of rainfall runoff volume after applying all appropriate GI for each function. The volume of surface runoff from daily rainfall was defined as 100. This was the result of multiplying the area size by the mitigation effect of each GI category. When the results for each category were summed, the total storm-water runoff mitigation effect was expected to be 33.1% for Gwanghwamun-hyoja (Table 4) .
Application of design strategies to vulnerable area types
Type 1: infiltration
This design strategy applies to Type 1 areas. Most areas of this type are lowlands where flooding damage often occurs. The areas have enough broad fields of natural soil that storm-water can easily infiltrate the ground. This type should use a selection and concentration design strategy for high runoff accumulation areas or well-drained soil areas in consideration of the area's condition as part of a historical city. Examples of this type of area include a central district bordered by a natural green area, a wide pedestrian street, public spaces in front of large buildings, and public parks or plazas.
The design functions of this type separate 'waterways' and 'catchment areas'. Waterways concentrate areas of storm-water by runoff and focus on the drainage function with infiltration. This is suitable for bio-swales using walkable green landscapes. Catchment areas hold and absorb rainwater. If the area is building, it takes the form of a roof garden. Alternatively, if the area is a pedestrian plaza or park, permeable pavement is appropriate. The concept of this design strategy is the same as in Figure 10 .
Type 2: infiltration and detention
This design strategy applies to Type 2 areas. Most of these areas consist of impervious coverage. These areas have high storm-water accumulation or poorly drained soil areas.
In this type of region, it is difficult to for runoff water to be absorbed into the ground because of high storm-water accumulation or poorly drained soil. Therefore, it requires a temporary detention function for runoff water using buildings. This type of area is typically a residential district located between lowlands and highlands. It is also a transitional zone for storm-water flow from road surfaces and building roofs. The objective of this design strategy is to induce runoff detention at the occurrence site. A perforated drain pipe installed under gravel on the side of the road can lead storm-water to absorb into natural soil layers under the road. Moreover, it creates permeable coverage on the side of the road. Building roofs will temporarily keep rainwater in the soil layer of a lightweight roof garden system. A soil layer depth of 10-15 cm can delay releasing runoff volume into a drainage system (Figure 11 ).
Type 3: infiltration, detention, and overflow
This design strategy applies to Type 3 areas. Three elements overlap in this area, increasing flow and the occurrence of surface runoff. This means it includes impervious materials, the flow and ponding of surface water, and poorly drained soil layers. As such, there is a high probability of surface runoff, even if infiltration and detention are applied. This requires a different design strategy with additional functions for reducing runoff volume.
A Type 3 area is typically a high-density residential block on the highland of the research area. Surface flooding rarely occurs in this area, but the high-density development produces a large volume of runoff.
As there are small, empty properties in developed areas, the design strategy focuses on buildings and public spaces to manage surface runoff.
The design involves the use of low-sloped roofs and short, high-density buildings. There is little extra space in this area, so pedestrian passages, the first floors of buildings, and parking lots would be alternative places for applying GI.
Especially when buildings have wide areas, rooftops are the best places for rain storage and evapotranspiration. Therefore, infiltration rain barrels would be established in the parking lots of each building. These reduce subsurface flow during the rainy season. On clear days, stored water is used as management water to disperse the occurrence of surface water during the rainy season ( Figure 12 and Table 5 ).
Discussion and conclusion
Localised heavy rains and flooding produced by climate change require a precautionary approach since they have unpredictable characteristics and involve heavy damage. In particular, city centres accumulate many assets over time, meaning that even with small damage there is enormous social loss. Moreover, such areas have limited space for storm-water management but require spatial countermeasures for flood prevention. The key to reducing flood vulnerability is controlling runoff water from the starting point, based on an understanding of water principles.
This study tried to identify a methodology for reducing SWF vulnerability. The study reveals the differences and similarities between Korean and Western flood and stormwater management methods. Western methods such as GI and WSUD are based on optimised scientific theories of urban water circulation. They focus, for example, on the mechanisms of water balance and plant evapotranspiration. Moreover, the research has improved specific resources, such as increasing pervious concrete and asphalt coverage, which leads to reducing surface runoff. The methods range from small-and high-level technologies to large social discourses for storm-water management. The Western GI and WSUD focuses on using quantitative and scientific evidence rather than wide scope management for the efficient management of on-site and SWF in ideal spaces, including the occurrence area of surface water.
Historical Korean approaches to flood-risk management were empirical and relation focused. The methods understood the causal relationships between ecological systems and the logical principles of water flow. For instance, a specific feature of Korean management was to supervise the forests and streams of the upstream area of to solve flood problems in the downstream area. Unlike the West, there were also records of implementing flood-risk management, but there were no proper terms for the methods. The main goal of Korean traditional flood management strategy is to control the cause of flooding problems by identifying the ecological relation between plants and soil. Therefore, Figure 11 Proposed design strategy to Type 2 area: focusing on infiltration and detention using rooftop.
off-site would preferentially affect the occurrence of managed surface water. However, there is little quantitative and scientific evidence in this regard.
There are commonalities between Korean and Western principles. These include regarding development activities that increase surface runoff as causes of flooding and focusing on natural water circulation as central to the solution. Both approaches aim to reduce the peak rate of drainage flow by expanding temporary storage and using small waterways that disperse and absorb surface runoff.
A further phase of effective SWF management includes prevention of SWF. A complementary strategy based on scientific evidence with mutual strong points from Korean and Western approaches provides clues for achieving further steps. An off-site management strategy that approaches the issue using a comprehensive view and an on-site management strategy that is optimises GI and WSUD should be considered in the spatial context of surface water flow. SWF management, including off-site watersheds, would increase urban ecological function using aspects of GI and WSUD. In addition, both emphasise the importance of ecological functions, including the evapotranspiration of plants, filtering, and purifying contaminants. Finally, Korean and Western approaches use multipurpose spaces that provide temporary storage on ordinary days and disperse storm-water on heavy rainfall days.
The design concept best suited for the central area of an old city in Korea is a select-and-concentrate strategy that targets the originating spaces of surface water. The objective is to minimise extending the problematic elements that cause flooding. Multipurpose spaces are needed to solve the problem of vulnerability. This method is rooted in a good understanding of Korean and Western concepts of flood management and can be applied to other historical cities in many countries. Moreover, if a city aims for high effectiveness, it should combine this integrative method with the general methods of civil engineering to retain the capacity of runoff volume in the drainage system.
As a result, from the measures introduced in this research, the occurrence rate of surface water was reduced by 33.1%. However, the reduction result may differ in a real environment because the simulation results focus on estimating an approximate reduction effect. Therefore, the reduction data given for surface run-off volume is a simple reference.
If a new research that uses the same method and design strategies as this research progresses the experimental research into an established urban area, it could foster more accurate reduction volumes and rates of effectiveness in relation to the factors of inducing surface water runoff.
This study attempted to combine Korean and Western principles to reduce SWF vulnerability caused by climate change and heavy local rains. It presented methods for evaluating spaces to identify the subtypes of vulnerable areas and proposed design strategies. Future studies can explore practical and detailed approaches to support the concepts suggested by this study.
